as possible. However, intermediate second-degree burns (approximately mid-dermal damage) represent a significant diagnostic challenge. Second-degree burn wounds are very common, and the accuracy of visual evaluation alone in diagnosing burn depth has proven inadequate. 1, 5 Accuracy has been reported to be only 60 to 80% and is even lower when the initial diagnosis is made within the first 48 hours after burn. [6] [7] [8] [9] [10] [11] Early diagnosis is also problematic because burn wounds are dynamic. The original injury progresses with a wound area that initially contains viable tissue but eventually becomes necrotic (ie, zone of stasis). 12, 13 In short, incorrect diagnosis of burn wounds occurs frequently and, if underestimated, results in delayed surgery or delayed healing times and, if overestimated, can result in unnecessary surgery.
14 Both of these situations are associated with poor clinical outcomes and significant hypertrophic scarring. 15, 16 For unequivocal measurement of burn depth, histopathology remains the gold standard. Hematoxylin and eosin and/or Masson's trichrome staining has traditionally been used to display burn depth and is very useful in determining the depth of collagen coagulation. 17 However, the aforementioned zone of stasis is less obvious histologically and is a central confounding factor in determining eventual burn depth. Recently, other immunohistochemical approaches have been shown to be beneficial in identifying the zone of stasis early after burn (ie, on day of burn and the day after burn). 18, 19 Specifically, caspase 3 (a protease involved with apoptosis initiation) expression can delineate burn depth as early as 1 day after burn. In addition, high-mobility group box protein 1 (HMGB1) has also been shown to define the zone of stasis. Although these studies highlight the usefulness for histopathology in burn depth diagnosis, by definition, the biopsy procedure is invasive and ideally should be replaced with noninvasive, real-time techniques. Certainly, a noninvasive, quantitative measure of burn depth has the potential to improve patient outcomes.
To this end, many different noninvasive imaging techniques have been investigated for assessment of burn depth and have been reviewed in detail elsewhere. 1, 20 The most successful of these technologies involves an imaging modality that measures blood flow. 20 However, most still need improvement for use in burn wound detection, because of long acquisition times and high costs. One of the more established technologies is infrared (IR) imaging (ie, thermography), which determines blood flow by measuring surface temperature and is particularly advanced with respect to spatial and temporal resolution. 21 In practice, current IR cameras provide an easy-to-use interface, with real-time readouts and the potential to deliver supplementary information during eschar excision. Moreover, thermography has recently been used in clinical studies, confirming its potential for use in determining burn depth. 22, 23 Another technology used clinically involves multiprobe systems testing skin function and color parameters. These devices are typically used in scar quality assessments and to measure pigmentation. [24] [25] [26] Despite their usefulness in quantifying the maturity/formation of scars, their ability to assess burn depth has not been studied previously. In the current study, we used a clinically relevant porcine model to study if thermography and/or colorimetry have the ability to measure different aspects of burn depth determined histologically.
Methods

Animals
Two female Yorkshire swine (Midwest Research Swine) weighing an average of 49.5 kg at the time of burn were used in this study. Animals were singly housed, with ad libitum access to water, and were allowed to acclimate to the facilities for at least 7 days before any procedures. The animal protocol was approved by the Institutional Animal Care and Use Committee, U.S. Army Institute of Surgical Research. This study was conducted in compliance with the Animal Welfare Act, implementing Animal Welfare Regulations, and the Principles of the Guide for the Care and Use of Laboratory Animals.
Anesthesia
Animals were fasted, and a fentanyl patch (100 µg/hr) for analgesia was placed on the ear of the animals the night before the procedure. On the day of burn, animals were premedicated with glycopyrrolate (0.01 mg/kg, intramuscularly [IM] ) to minimize salivation and bradycardia, and anesthesia was induced with an IM injection of tiletaminezolazepam (Telazol [Zoetis, Inc, Kalamazoo, MI], 6 mg/kg). The animals were then intubated with an endotracheal tube and placed on an automatic ventilator with an initial tidal volume of 10 ml/kg, peak pressure at 20 cm H 2 O, and respiration rate at 8 to 12 breaths per minute. The ventilator setting was adjusted to maintain an end-tidal Pco 2 of 40 ± 5 mm Hg, and anesthesia was maintained with 1 to 3% isoflurane in 100% oxygen. On days 1 to 4, animals were sedated with 10 to 20 mg/kg ketamine IM and maintained under mask anesthesia (3-5% isoflurane). After existing bandages were removed, wounds were allowed to air dry for a minimum of 15 minutes before surface temperature (IR), transepidermal evaporative water loss (TEWL), and colorimetric measurements and biopsies were taken.
Thermal Injury
The burn wound procedure has been described before in detail. 27 Briefly, after clipping/shaving the back and sterilization with chlorhexidine, contact burns were made 1.5 cm from the spine and 2.5 cm away from each other. Using a custom-designed burn device that ensured a consistent, reproducible pressure, 3-cm brass probes heated in a warm bath incubator to 100°C were applied to the animals. 28 Eight wounds were created on each side of the spine in both animals for a total of 32 burns. Eight contact times, 5, 10, 15, 20, 25, 30, 35 , and 40 seconds, were used, leading to a total of n = 4 per contact time. After imaging, the wounds were covered with sterile nonadherent gauze (Telfa, Tyco Healthcare, Mansfield, MA), held in place with surgical tape (Elastikon, Johnson & Johnson, New Brunswick, NJ) followed by an antibiotic occlusive dressing (Ioban™ 2, 3M, St. Paul, MN). This dressing regimen was used to follow progression of burn wounds without treatment.
Infrared Imaging
On days 1 to 4 postburn skin surface temperatures were captured in a 10-second (=38 frames) "snap shot" using an A655sc IR Camera (FLIR Systems, Inc., Wilsonville, OR). This camera is equipped with a focal plane array, an uncooled microbolometer detector, and a standard 25° lens that produces images with a 640 × 480 pixel resolution. The camera was set at a fixed standard position (tripod mount) of 40 cm vertically above the surface of the animal. Images were analyzed using the FLIR ResearchIR software, with temperatures taken from multiple regions of interest to correspond to areas biopsied for histology. Images were captured on the entire wound before biopsies on each day; however, a circular region of interest within the burn wound and ensuing biopsy punch was selected for average temperature analysis (Figure 1) . Temperatures within the burn area of each biopsy specimen were extracted for days 0 to 3 (red circles), whereas on day 4, temperature was measured in the biopsy strip spanning the wound. For comparison to histological strips, temperature in this area was subdivided into 30 segments. The focal length was 24.6 mm, field of view = 25 × 19°, F number = f/1.0, and spectral band = 7.5 to 14 μm, with an image frequency of 50 frames/second. The object parameters settings of the system were as follows: reflected/atmospheric temperature = 25°C, relative humidity = 0.50, and transmission = 1.0. Based on Stefan-Boltzmann law, all objects are continually emitting radiation at a rate and with a wavelength distribution that depends on the temperature of the object and its spectral emissivity. 29 Because the emissivity factor of the skin is 0.98, the measured temperature values can be interpreted as the skin surface temperature. 30, 31 
TEWL and Colorimetric Measurements
On days 0 to 4, TEWL and colorimetric data (melanin, erythema) were obtained from the center of the burn wounds, using a digital, multiple probe adapter (MPAS-6) system (Courage Khazaka Electronic, Cologne, Germany). This probe system uses the MPA software to operate the Tewameter TM 300 (Courage Khazaka Electronic, Cologne, Germany) and the Mexameter® MX 18 (Courage Khazaka Electronic, Cologne, Germany) probes. 32 The Tewameter probe measures the density gradient of water evaporation from the skin to determine TEWL, expressed in gram per hour per square meter. This is done through two pairs of sensors that capture temperature and relative humidity. The Mexameter® MX 18 is a dual index meter that captures the absorption and reflection of skin at three wavelengths: two are visible (568 and 660 nm) and one is IR (870 nm). These measurements are used to determine the logarithm of the inverse of reflectance from the skin surface and to quantify the amount of absorption of each wavelength by melanin and hemoglobin (erythema). These brief (~1 second) measurements yield arbitrary units of 0 to 999 that permit the determination of the relative concentration of melanin and erythema.
Histological Analysis
Immediately after burn (day 0) and on days 1 to 3, an 8-mm punch biopsy was done from the periphery of the wound. On day 4 after burn, a strip of tissue spanning the entire wound bed (approximately 3.5 × 0.5 cm) was harvested on the transverse axis. These samples (n = 4 samples/contact time/day) were fixed in 10% buffered formalin for at least 48 hours, processed, embedded in paraffin, and then cut into 6-μM cross-sectional slices. Slides were deparaffinized in xylene and rehydrated to water and stained. All samples were stained with trichrome reagents (Masson Kit, Sigma Aldrich®, St. Louis, MO) and with hematoxylin phloxine saffron (HPS) reagents (Poly Scientific R&D Corp., Bay Shore, NY).
Tissue sections for immunohistochemistry were prepared as follows: heat-mediated antigen retrieval step was used with 0.01 M citrate buffer at 95 to 98°C for 15 minutes; endogenous peroxidase activity was blocked with 0.3% H 2 O 2 for 20 minutes at room temperature; and nonspecific IgG blocking was performed with 10% horse serum in Hanks' balanced salt solution for 30 minutes at room temperature. The tissue sections were then incubated with primary antibodies diluted in 3% horse serum in Hanks' balanced salt solution: caspase 3 (abcam, ab13847, rabbit polyclonal, 1:50 dilution) or HMGB1 (abcam, ab18256, rabbit polyclonal, 1:200 dilution) and incubated at room temperature for 60 minutes. After primary antibody incubation, slides were treated with secondary antibody (Biotinylated Horse Anti-Rabbit, Vector Labs, Inc., Burlingame, CA) for 60 minutes, followed by avidin conjugation (Vectastain Elite ABC Reagent, Vector Labs, Inc.) for 30 minutes at room temperature. Finally, staining was completed with a 5-to 10-minute incubation with diaminobenzidine (ImmPACT DAB Peroxidase, Vector Labs, Inc.). Slides were counterstained with hematoxylin, dehydrated, and coverslipped.
Burn depth was analyzed by determining collagen coagulation (trichrome) and the depth of cellular apoptosis (caspase 3) and necrosis (HMGB1) as previously described. 18, 33 All measurements of burn depth were performed with image analysis software (ImagePro v6.2, Media Cybernetics, Inc., Rockville, MD). The HPS stain was used in this study to differentiate between intact red blood cells and thrombus formations. 19 The depth of the deepest occluded vessel in each biopsy section was determined by Figure 4 ). C. After categorization of burn depth, two-way analysis of variance reveals a significant effect of burn depth and time (day after injury) on surface temperature. N = 8, 12, and 12 for superficial (white bars), deep partial (gray bars), and full (black bars) thickness, respectively. *P < .05, ***P < .001.
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Statistical Analysis
Statistical evaluations were performed using analysis software (Prism, GraphPad Software Inc., San Diego, CA). IR imaging, colorimetric, and TEWL data were analyzed through two-way analysis of variance with Bonferroni post hoc testing. To assess whether contact time affects the depth of thrombus formations, and for examining the relationship of these metrics with histological burn depth measurements, linear regression analyses were performed. P less than .05 was considered significant. Unless otherwise stated, all results are expressed as the arithmetic mean ± SEM.
Results
Animal Recovery and Wound Appearance
The total % of BSA thermally injured on the animals was less than 1.2% (π × 1.5 2 × 16 wounds/BSA). 34 Therefore, all animals recovered from the procedure without any adverse effects. All wounds appeared with red borders that represent a distinct zone of hyperemia ( Figure 1A ). Burn wounds using this model have been previously categorized into superficial, deep partial, and full-thickness wounds. 
TEWL and Colorimetric Data
Statistical analysis revealed a significant correlation of burn depth (P = .01) and TEWL, indicating that deeper burns have the most evaporative water loss. Moreover, TEWL measured on day 0 (y = 0.18x − 4.13, r 2 = .152, P = .0273) and day 1 (y = 0.24x − 11.48, r 2 = .186, P = .0135) after burn positively correlated with the depth of apoptosis as measured by caspase 3 expression ( Figure 2D ). Most importantly for the translation of this measurement, regardless of burn depth, there is an increase in TEWL seen over the entire 4 day experiment (Figure 2A , P = .0009).
Analysis of melanin content revealed slight differences on day 0 (ie, immediately after burn) for all burn depths ( Figure 2B ). However, for both superficial and full-thickness wounds, the values increased through day 4, and statistical analysis revealed the significance of time (P = .0051) on wound melanin content. In addition, an effect of burn depth (P < .0001) was also found because deep partial thickness burns had lower melanin content when compared with both superficial and full-thickness wounds. Interestingly, despite similar melanin content on day 0 among burn severities, melanin content was associated with collagen coagulation determined histologically on day 0 ( Figure 2E ). This relationship held true regardless of whether melanin content was measured on day 1 (y = 154.2x + 80.9, r 2 = .215, P = .0075), day 2 (y = 176.7x + 65.15, r 2 = .267, P = .0025), day 3 (y = 182.0x + 56.38, r 2 = .258, P = .0030), or day 4 (y = 170.7x + 78.79, r 2 = 0.1927, P = .0120). Analysis of erythema content also revealed slight differences on day 0 (ie, immediately after burn) for all burn depths, with measurable changes depending on burn depth on days 1 to 4 ( Figure 2C ). Specifically, erythema content in superficial burn wounds increased when compared with that in deep partial and full-thickness wounds (P < .0001). In addition, there was a significant effect of time after burn on erythema content (P < .0001). Results indicate that regardless of burn depth, erythema content initially increases from day 0 to 1 and then decreases through the remainder of the experiment. Erythema content measured on day 2 (y = −167.2x + 269.1, r 2 = .2211 P = .0066) and day 3 (y = −153.7x + 269.1, r 2 = .1551, P = .0257) negatively correlated with depth of necrosis as measured by HMGB1 expression immediately after burn ( Figure 2F ). The same erythema content (days 2 and 3) was also associated with collagen coagulation seen on days 1 and 2 after burn (data not shown).
Infrared Imaging
Surface skin temperature values at all burn sites taken at baseline (ie, before the burn procedure) showed little variance because of anatomical location and were 34.4 ± 0.15°C. Figure 2 illustrates thermographic IR images for wounds of 5-, 15-, 25-, and 35-second contact times with corresponding digital photographs. Superficial burn wounds (5 seconds shown in Figure 2 ) consistently were the warmest at the surface, with little change over time. As contact time increased, wounds became progressively cooler, with a slight decrease in temperature after day 1 after burn, especially in the cases of the highest contact times (ie, full-thickness wounds; Figure 2C ). All wounds presented with a pronounced zone of hyperemia (red edges) and illustrate the pattern of biopsy punches taken on each day. Figure 2B shows an example wound, highlighting where quantification of surface temperature was performed for comparison with histological values. Significant effects of both time (P = .0318) and burn depth (P < .0001) on surface temperature were revealed. (Figure 2C ). More specifically, superficial burn wounds were warmer than full-thickness wounds on after burn days 2, 3, and 4.
Histological Measurements of Burn Depth
The importance of depth of vascular occlusion in the dermis for determining burn depth has been previously reported, 10 with a recent study highlighting the utility of an HPS stain to identify occluded vessels. 19 This technique was incorporated in this model to determine the effect of contact time on burn depth as measured by vessel occlusion. Representative day 0 histological biopsies from contact times of 5, 15, 25, and 35 seconds stained with HPS are presented ( Figure 3A ). High magnification images confirm the ability of HPS staining to distinguish between intact red blood cells (closed arrowheads) vs thrombus formations (arrows). Linear regression analysis of the measurements for the deepest occluded vessels shows a positive correlation with contact time (r 2 = 0.56, P < .001). For example, 35 seconds of contact time . Two-way analysis of variance reveals a significant effect of time for TEWL, melanin, and erythema (*P < .01 in all cases). In addition, there is an effect of burn depth in all cases (P < .01 in all cases). Dotted lines reveal normal (unburned) skin values for different parameters. N = 8, 12, and 12 for superficial (white bars), deep partial (gray bars), and full thickness (black bars), respectively, *P < .05, **P < .01 in (A-C). D. Transepidermal evaporative water loss positively correlates with the depth of caspase 3 expression on 2 days (day of burn and day 1 after burn). E. Melanin content positively correlates with the depth of collagen coagulation on days 1 to 4 after burn. F. Measurement of erythema negatively correlates with high-mobility group box protein 1 expression on day 0 when taken on days 2 and 3 after burn. AU, arbitrary units. leads to vascular damage throughout 74.58 ± 8.06% of the dermis ( Figure 3B ). Figure 3C reveals that burn depth measured through vessel occlusion on day 0 negatively correlates with IR measurements taken on day 1 (r 2 = 0.39, P < .0001), 2 (r 2 = 0.60, P < .0001), 3 (r 2 = 0.42, P < .0001), or 4 (r 2 = 0.56, P < .0001).
Defining burn depth via collagen coagulation, apoptosis (caspase 3 expression), and necrosis (HMGB1 expression) in this model has been shown previously 19 and gives insight into different zones of burn wounds (ie, coagulation core vs zone of stasis). 19 Interestingly, the potential of IR imaging is highlighted when examining relationships with all of these parameters (Table 1) . IR measurements taken on every single day (1-4) significantly correlated with every single histological measurement of burn depth used in this study.
All of these correlations are significant, although several have weak correlation coefficients (ie, below 0.5). Table 1 reveals that these values from linear regression analysis, because the relationship of surface skin temperature and all histological measurements is P < .05 and the correlation coefficients (ie, r 2 values) vary from 0.6024 to 0.1354.
Burn Heterogeneity
Heterogeneity in burn depth in experiments involving swine has been noted previously. 28, 36, 37 that correlate with the location in the biopsy strip ( Figure 4B ). The top line represents reductions in surface temperature that spatially correspond to collagen coagulation seen in the biopsy specimen by the retention of the red color. This distance map of temperature for full-thickness wounds would normally be parabolic (data not shown). However, for this particular burn, the parabolic vertex was replaced with a broad flattened bottom ( Figure 4B ). This corresponds to a lack of red staining in the middle of the biopsy section, further indicating that IR imaging can detect burn wound heterogeneity.
dIsCussIoN
Although early excision and grafting has revolutionized treatment of full-thickness and deep partial-thickness burns, it is not without caveats. 2, 3 Currently, clinical diagnosis of burn severity relies on visual appearance and sensitivity to touch, which are only effective for full-thickness and superficial burns. This qualitative approach falls short especially when examining intermediate partial thickness burns [6] [7] [8] [9] 38 especially within the first 48 hours. 11 Although noninvasive adjuncts for clinical assessments of burn depth are an ultimate goal, currently histopathology remains the accepted standard for unequivocal measurement of burn depth.
Traditionally, standard hematoxylin and eosin staining is scored by a pathologist for burn depth in relation to collagen coagulation and cell viability. However, this assessment is based mostly on structure and does not reflect the progressive nature of functional damage after thermal injury. 1, 39 To this end, recent studies have employed immunohistochemistry to identify markers of apoptosis (caspase 3) and necrosis (HMGB1), which have been shown to identify the zone of stasis before burn progression occurs. 18, 19 We have employed these stains as routine when looking at burn depth and have explored their value in the current model. 33 It has also been shown that eventual burn depth is related to the patency of vessels within the skin, 10 highlighting the importance of blood flow. In addition, the study by Hirth et al 19 also found that the HPS stain is useful in its differentiation of patent and thrombosed vessels. HPS staining was also utilized in the current report ( Figure 3A ) to define burn severity as a function of depth of thrombosed vasculature. We found a significant association between depth of thrombosis measured by HPS and brass probe contact time ( Figure 3B ). This current study leverages the most commonly used histological and newly described immunohistological methods for examining their relationship with clinically available noninvasive technologies. Noninvasive metrics for aiding in the diagnosis of burn depth are needed because of the limitations of obtaining biopsies and the time required to obtain histopathological results. First, histological analysis necessitates a pathologist always being available. Moreover, in the cases of large burns, there would be a need for multiple biopsies that could be detrimental to healing and increase the chance of infection. Therefore, recently, there has been an effort to develop noninvasive techniques for diagnosing burn depth. 8, 20 Unfortunately, no technology has become a clinically accepted standard for various reasons that include resolution, invasiveness, cost, and long acquisition/diagnosis times. The most promising technologies include laser Doppler imaging and indocyanine green angiography, which measure aspects of blood flow, but are not widely used because of their slow acquisition times. 9, 11, 40, 41 The ideal modality should be simple, easily incorporated with current clinical practice, and provide real-time information about burn wound severity and during surgical excision.
Most commercially available skin testing devices (eg, MPAS-6) are employed for testing scars (including burn scars); however, little information exists concerning their potential role in measuring burn depth. [24] [25] [26] Therefore, in this study, we compared the measurements from MPAS-6 (Courage + Khazaka electronic GmbH, Cologne, Germany) with histological measurements of burn wounds. Measures of transepidermal water loss (TEWL; Figure 2A) showed that when left untreated, burn wounds of any severity, progressively lost the water-preserving function of the skin during the course of the experiment. Moreover, despite no significance found on post hoc testing, second-degree burns tend to lose less water than full-thickness burns, but only on the first couple of days after burn. Further evidence for the predictive value of TEWL on burn progression also lies in the positive correlation with apoptosis (caspase 3 expression; Figure 2D ).
The instrument also provided colorimetric data, which we examined in terms of the melanin content and erythema content present after thermal injury. Deep partial thickness burns contained significantly less melanin ( Figure 2B ) content than superficial or full-thickness burns starting on day 1 through day 4. Although this is consistent with the characteristically pale appearance of deep partial thickness burns, the melanin values also were associated with the depth of collagen coagulation seen histologically ( Figure 2E ). The erythema content of both full-thickness and deep partial thickness wounds did not change much from surrounding control skin throughout the course of the experiment. However, the erythema value of superficial burns did increase quickly, which is consistent with the pink/red appearance used to diagnose them. Erythema content had a slight negative correlation with necrotic depth seen through HMGB1 ( Figure 2F ) expression immediately after burn. Taken together, the colorimetric data presented indicate that these parameters can be used to create a more objective measure of burn wound appearance, which warrants further investigation. Thermography using IR imaging is a surrogate for measurement of blood flow 42 that has the potential to be an adjunct noninvasive technique for burn depth diagnosis. The concept of thermography for use in burn depth estimation has existed for a long time and was first described in the 1960s. 43, 44 In fact, work by Hackett 45 in the following decade claimed that although clinical assessment was only accurate two-third of the time, thermography had an accuracy of 90%. Although evaporative cooling has shown to give false positives for full-thickness burns, 46 different techniques that circumvent this (eg, spraying, drying, water impermeable membranes) have continued to support the use of IR imaging. [47] [48] [49] [50] Despite this, research focus on IR for burn depth estimation is scarce, with one promising avenue being thermography measured after thermal pulses (ie, cold stimuli). [51] [52] [53] Thermography is being used more frequently as significant advances in the technology are made, the most important being spatial resolution and real-time processing. Recent clinical studies have concluded that static thermal imaging with newer technologies is useful in the diagnosis of burn depths 22, 23 ; however, there is a lack of animal studies using recent IR technologies. 54, 55 Our results confirm previous reports that surface temperature decreases with increasing burn severity. 22, 23 A recent clinical study that categorized burn wounds into superficial, deep partial, and full thickness reported average surface temperature values of 34.5, 33.4, and 32.3°C, whereas in this study, they were 34.2, 33.4, and 32.6°C, respectively. This result shows that the temperature differences we determined are consistent with reports in humans, which found a 2.5°C difference from superficial to full-thickness burns. 45 This also helps validate our use of a pig model, and porcine skin being the best surrogate to humans in terms of dermal structure and wound healing. 37, 56 The most important benefit of using IR-derived surface temperatures becomes obvious when correlating temperature to histological analysis of burn depth ( Figures 3C and 4) . Importantly, IR measurements were significantly correlated with all histological parameters that were measured: collagen coagulation (days 0-3), necrosis and thrombus formations (day 0), and apoptosis (day 1). Moreover, this correlation was maintained throughout the experiment with IR image surface temperature measurements, indicating burn depth on days 1-4 after burn. This result shows that regardless of when a patient enters a burn center (up to day 4 after burn), thermographic imaging can help clinicians diagnose burn depth. Furthermore, this also suggests that surface temperature not only predicts the current status of structural damage but is also informative of the spread of necrotic tissue and the zone of stasis.
In designing the current study, we assumed that a strength of the design would be that IR imaging would be taken at the exact location of the biopsy specimen used for histological measurements. However, in the scenario mentioned above, IR measurements taken from the biopsy location on day 3 still correlated with the histological biopsy from days 0 to 2. This spatial accuracy was not available for the MPAS-6 parameters and indeed may explain why correlations to histology concerning those measurements are weak. Spatial resolution is important, as burn heterogeneity is routinely encountered in the clinic and has been well-documented previously in porcine models.
36,37 Figure 4 shows examples of this burn heterogeneity and how changes in surface temperature correlate well with the severity of burn injury seen histologically. Thanks to technological progress in the field of IR imaging, spatial resolution is more than adequate for examining the state of wounds.
Clinical evaluation of burn wounds may never be replaced by an automated, fool proof imaging system that clearly delineates what should and should not be excised. Instead, clinicians may be aided by new methods that will help them make informed decisions when performing surgical excision. The data presented support a role for use of thermography by burn surgeons in several ways: (1) improved sensitivity of surface temperature measurements produces consistent differences in surface temperature, which determine burn depth (ie, second vs third degree, superficial second degree vs deep second degree); (2) improved spatial resolution of thermography can highlight specific anatomical areas requiring debridement; (3) improved temporal resolution of thermography allows for visualizing surface temperature measurements in real time; and (4) thermography may be able to predict the extent of ensuing burn progression in the first 4 days. In this regard, if a burn wound is under a certain temperature and looks/feels like a deeper burn wound, the thermographic information can aid the clinical diagnosis to identify problematic areas that should be excised. Moreover, during wound debridement, IR imaging can be incorporated to highlight specific areas within a burn wound that may progress vs areas that may be salvaged.
In conclusion, current technologies like IR imaging and skin testing equipment may provide realtime information concerning burn wound severity and, therefore, excisional strategy. These technologies have the advantage of being quick, easy, and inexpensive and may be incorporated with dynamic responses after an impulse of cold or warm air. The data from IR imaging in this animal model suggest that thermography can give valuable information of burn progression independently of when images are taken. This suggests a potentially powerful role for IR imaging in the diagnosis of burn depth and the usefulness of IR imaging in diagnosis of burn severity. Further investigation into these technologies and their potential after treatment is also warranted.
